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(54) External additive for electrostatically charged latent image developing toner 

(57) An external additive for electrostatically 
charged latent image developing toner is provied. The 
additive indudes spherical hydrophobic fine silica parti- 
cles having primary particles having a particle diameter 
of from 0.01 to 5 \itr\, which fine silica particles fulfill the 
following conditions (i) and (ii) : (i) when an organic com- 
pound which is liquid at room temperature and has a 
dielectric constant of from 1 to 40 F/m and fine silica 
particles are mixed in a weight ratio of 5:1 and shaken, 
the fine silica particles disperse uniformly in the organic 
compound; and (ii) the quantity of primary particles 
remaining as primary particles when methanol is evap- 
orated under heating by means of an evaporator from a 
dispersion prepared by dispersing the fine silica parti- 
cles in methanol and thereafter the particles are held at 
a temperature of 100°C for 2 hours, represents at least 
20% of the quantity of primary particles originally 
present The external additive does not react or has no 
interaction with an organic photoreceptor and therefore 
change in quality does not occur or the photoreceptor is 
not scraped- Furthermore, it has a good f lowability and 
therefore adhesion of a toner to the photoreceptor does 
not occur. 
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Description 

BACKGROUND OF THE INVENTION 
1 . Field of the Invention 

[0001] The present invention relates to an external additive for an electrostatically charged latent image developing 
toner which is used to develop an electrostatically charged latent image in electrophotography, electrostatic recording, 
and the like, and particularly it relates to an external additive for a toner with a small particle size used for obtaining 
images of high quality. 

? DAgrri ption of the Prior Arts 

[0002] Dry developers used in electrophotography and so forth are generally classified into a one-component 
developer which consist of a toner prepared by dispersing a coloring agent in a binding resin and a two-component 
developer consisting of the toner and a carrier. In using these developers in copying operation, the developers are 
required to have good flowabifity, anti-caking property, fixing property, electrification property, and cleaning properties 
so as to be adapted to the process. In order to improve especially the f lowability. anti-caking property, fixing property, 
and cleaning properties, inorganic fine particles are frequently added to the toner. 

[0003] However, the dispersibility of the inorganic fine particles affect toner properties. Non-uniform dispersion of a 
toner may not give desired f lowability. anti-caking property or fixing property, or may result in insufficient cleaning prop- 
erty, causing adhesion of the toner on a photoreceptor and image defect in black spots. For the purpose of improvement 
at to these problems, the use of inorganic fine particles having been surface-treated to make the surfaces thereof hydro- 
phobic in Japanese Laying-open Publication Nos. 46-5782. 48-47345 and 48-47346. 

[0004] However, when an organic photoreceptor or a toner with a smaller particle size is used to improve image 
quality, the use of the inorganic fine parti des does not give sufficient performance. The organic photoreceptor has a 
softer surfaces and a higher reactivity than inorganic photoreceptor; therefore, the life of the organic photoreceptor is 
liable to become shorter. Such an organic photoreceptor is liable to change in quality or to be scraped at its surface. 
When a toner with a smaller particle size is used, the toner is low in flowability as compared to toners with a conven- 
tional particle size. Therefore, the amount of inorganic particles has to be increased, and thereby the inorganic fine par- 
ticles may have caused the toner to adhere to the photoreceptor. 

SUMMARY OF THE INVENTION 

[0005] Thus, it is an object of the present invention to provide an external additive comprising silica f ine particles 
which do not react with or have any interaction with an organic photoreceptor and thereby do not cause the photorecep- 
tor to change in quality or to be scraped and which has good f lowability and therefore do not cause the toner to adhere 
to the photoreceptor. 

[0006] The inventors of the present invention studied earnestly to solve the problems stated above and have dis- 
covered that the problems can be solved by an external additive for electrostatically charged latent image developing 
toner, comprising spherical hydrophobic fine silica particles having primary particles having a particle diameter of from 
0.01 to 5 um, which fine silica particles fulfill the following conditions (i) and (ii): 

(i) When an organic compound which is liquid at room temperature and has a dielectric constant of from 1 to 40 
F/m and fine silica particles are mixed in a weight ratio of 5:1 and shaken, the fine silica particles disperse uniformly 
in the organic compound. 

(S) The quantity of primary particles remaining as primary particles when methanol is evaporated under heating by 
means of an evaporator from a dispersion prepared by dispersing the fine silica particles in methanol and thereafter 
the particles are held at a temperature of 1 00°C for 2 hours, represents at least 20% of the quantity of primary par- 
ticles originally present 

DETAILED DF SP.RIPTION OF THF PREFERRED EMBODIMENTS 

[0007] The hydrophobic fine silica particles used in the present invention are spherical hydrophobic fine silica par- 
ticles of which primary particles have an average of 0.01 to 5 |im and which meet the conditions (i) and (ii) stated above. 
[0008] The hydrophobic silica fine particles have been obtained by the step of introducing an R 2 Si0 3/2 unit (wherein 
R 2 represents a substituted or unsubstituted monovalent hydrocarbon group having 1 to 20 carbon atoms) onto the sur- 
faces of hydrophilic fine silica particles comprising an Si0 2 unit to obtain hydrophobic fine silica particles to produce f irst 
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hydrophobic silica particles; and introducing an R 1 3 Si0 1/2 unit (wherein R 1, s may be the same or different and each 
represent a substituted or unsubstituted monovalent hydrocarbon group having 1 to 6 carbon atoms) onto the surfaces 
of the first hydrophobic fine silica particles. 

[0009] An example of a more specific method of producing the hydrophobic fine silica particles is as described 
s below. 

[001 0J The hydrophobic silica fine particles according to the present invention can be produced by a process com- 
prising: 

the step of subjecting one or more compounds selected from the group consisting of a tetrafunctional silane com- 
10 pound represented by the general formula (I) : 

Si(OR 3 ) 4 (I) 



(wherein R 3 ' s may be the same or different and each represent a monovalent hydrocarbon group having 1 to 6 car- 
15 bon atoms) or a partial hydrolysis-condensation product thereof, to hydrolysis and condensation in a mixed solvent 
of a hydrophilic organic solvent such as methanol, ethanol and the like, water and a basic compound such as 
ammonia and an organic amine, to obtain a hydrophilic fine silica particle dispersion; 

the step of adding water to the hydrophilic fine silica particle dispersion thus obtained, distilling of the hydrophilic 
solvent to convert the dispersion into an aqueous dispersion to completely hydrolyzing alkoxyt groups remaining on 
20 the surfaces of the fine particles; 

the step of adding to the hydrophilic silica fine particles thus treated, one or more compounds selected from the 
group consisting of a trifunctional silane compound represented by the general formula (II): 

R 2 Si(OR 4 ) 3 (») 

25 

(wherein R 2 represents a substituted or unsubstituted monovalent hydrocarbon group having 1 to 20 carbon atoms, 
and R* s may be the same or different and each represent a monovalent hydrocarbon group having 1 to 6 carbon 
atoms) and a partial hydrolysis-condensation product thereof, to treat the surfaces of the hydrophilic fine silica par- 
ticles with it to obtain a first hydrophobic fine silica particle in aqueous dispersion; 
30 the step of adding a ketone solvent to said hydrophobic silica fine particle aqueous dispersion followed by distilling 
off water to thereby convert the aqueous hydrophobic fine silica particle cfisperskxi into a hydrophobic silica fine 
particle ketone solvent dispersion, and 

the step of adding to the hydrophobic f ine sifica particle ketone solvent dispersion at least one compound selected 
from the group consisting of a silazane compound represented by the general formula (III): 

35 

R 1 3 StNHSiR 1 3 (III) 

(wherein R 1, s may be the same or different and each represent a substituted or unsubstituted monovalent hydro- 
carbon group having 1 to 6 carbon atoms), and a monofunctional silane compound represented by the general for- 
40 mula (IV): 

R 1 3 SiX (IV) 



(wherein R 1, s are as defined in the general formula (III), and X represents a hydroxy! group or a hydrolyzaWe 
45 group) to permit the compound to react with silanol groups remaining on the silica fine partides. thereby the silanol 
groups being triorganosilylated. to enhance the hydrophobic nature of the silica fine particles. 

[0011] Specific examples of the tetrafunctional silane compound represented by the general formula (I) include 
tetraalkoxysilanes such as tetramethoxysilane, tetraethoxysilane, tetraisopropoxysilane and tetrabutoxysilane. Specific 
so exarrples of the partial hydrolysis-condensation product of the tetrafunctional silane compound represented by the gen- 
eral formula (0 include methyl silicate and ethyl silicate. Any of these may be used singly or in combination of two or 
mora 

[001 2] There are no particular limitations on the hydrophilic organic solvent so long as it dissolves the compound 
of the general formula (I) or partial hydrolysis-condensation product and the water. It includes alcohols, cellosolves such 
55 as methyl cellosolve, ethyl cellosolve, butyl cellosolve and cellosolve acetate, ketones such as acetone and methyl ethyl 
ketone, and ethers such as dioxane and tetrahydrofuran. Preferred are alcohols. The alcohols include alcohol solvents 
represented by the general formula (V): 
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R 6 OH (V) 

(wherein R 6 represents a monovalent hydrocarbon group having 1 to 6 carbon atoms). Specific examples include meth- 
anol, ethanol. isopropanol and butanol. The particle diameter of fine silica particles formed increases with increase in 
5 the number of carbon atoms of an alcohol used, and hence it is desirable to select the type of an alcohol in accordance 
with the intended particle diameter of fine silica particles. 

[0013] The above basic substance include ammonia, dimethylamine and diethylamine, and preferably ammonia. 
Any of these basic compounds may be dissolved in water in a necessary quantity and thereafter the resultant aqueous 
solution (basic water) may be mixed with the hydrophilic organic solvent. 

10 [001 4] The water used here may preferably be in an amount of from 0.5 to 5 equivalent weight per mole of the silane 
compound of the general formula (I) or its partial hydrolysis-condensation product. The water and the hydrophilic 
organic solvent may preferably be in a ratio of from 0.5 to 10 in weight ratio. The basic substance may preferably be in 
an amount of from 0.01 to 1 equivalent weight per mole of the silane compound of the general formula (I) or its partial 
hydrolysis-condensation product. 

is [001 5] The hydrolysis and condensation of the tetrafunctional sflane compound of the general formula (I) is carried 
out by a known process in which the tetrafunctional silane compound of the general formula (I) is added dropwise in a 
mixture of the water and the hydrophilic organic solvent containing a basic substance. The dispersion medium of the 
hydrophilic fine silica particle mixed-solvent dispersion may be converted into water by. e.g.. a process of adding water 
to the dispersion and evaporating the hydrophilic organic solvent (this process may optionally be repeated). The water 

20 added here may preferably be used in a 0.5-fold to 2-fold amount, and preferably about 1 -fold amount, in weight ratio 
based on the total weight of the hydrophilic organic solvent used and alcohol formed. 

[0016] As specific examples of the trifunctional silane compound represented by the general formula (II), it may 
include trialkoxysilanes such as rnethyttrirnethoxysilane, methyttriethoxysilane. ethyltrimethoxysilane. ethyttriethoxysi- 
tane, n-propyttrimethoxysilane, n-propyttriethoxysilane. i^ropyttrimethoxysilane, i-propyltri ethoxysilane, butyttrimethox- 
25 ysilane, butyttriethoxysilane, hexyltrimethoxysilane, trifluoropropyltrimethoxysaane and 

heptadecafluorodecyltrimethoxysilane. Partial hydrolysis-condensation products of these may also be used. Any of 
these may be used alone or in combination of two or more. 

[0017] The trifunctional silane compound represented by the general formula (II) may be added in an amount of 
from 1 to 0.001 equivalent weight, and preferably from 0.1 to 0.01 equivalent weight, per mole of the Si0 2 unit of the 

30 hydrophilic fine silica particles used. 

[001 8] The dispersion medium of the aqueous fine silica particle dispersion may be converted into a ketone solvent 
from the water, by a process of adding a ketone solvent to the dispersion and evaporating the water (this process may 
optionally be repeated). The ketone solvent added here may preferably be used in a 0.5-fold to 5-fbkJ amount, and pref- 
erably about 1 - to 2-fold amount, in weight ratio based on the weight of the hydrophilic fine silica particles used. As spe- 

35 cific example of the ketone solvent used here, it may include methyl ethyl ketone, methyl isobutyt ketone and acetyl 
acetone. Preferred is methyl ethyl ketone. 

[001 9] As specific examples of the silazane compound represented by the general formula (HI); it may include hex- 
amethykjistlazane. As specific examples of the monofunctional silane compound represented by the general formula 
(IV), it may include monosilanol compounds such as trimethylsiland and triethylsilanol. monochlorosilanes such as tri- 

40 methylchlorosilane and triethylchlorosilane, monoalkoxysilanes such as trimethylmethoxysilane and frimethyl ethoxysi- 
lane, monoaminosilanes such as trimethylsilyWimethylamine and trimethylsilyldiethylamine and monoacyloxysilanes 
such as trimethylacetoxysilane. Any of these may be used alone or in combination of two or more. 
[0020] These may each be used in an amount of from 0.1 to 0.5 equivalent weight, and preferably from 0.2 to 0.3 
equivalent weight, per mole of the Si0 2 unit of the hydrophilic f ine silica particles used. 

45 [0021 ] The hydrophobic silica fine particles used in the present invention have surfaces with a highly hydrophobic 
nature and without reactive groups such as silanol groups, and have a high dispersibility and a good f lowability due to 
its low aggregation; therefore the particles will bring about good results in view of the object and effects of the present 
invention. 

[0022] The particle cfiameter of the hydrophobic silica particles ranges from 0.01 to Sum, preferably 0.05 to 0.5pm. 

so from the viewpoint of improving anti-caking property and fixing property and reducing adverse influence on a photore- 
ceptor. If the particle diameter is less than 0.01^m, the developer exhibits poor f lowability, anti-caking property and fix- 
ing property due to aggregation. Particle diameters more than 5pm may disadvantageously cause a photoreceptor to 
be changed in quality or scraped, or may cause lowering of the toner adhesion to the photoreceptor. 
[0023] The fine particles may be optionally further surface-treated with a variety of silane coupling agents, silanes 

55 such as dimethykfimethoxysilane. silicones such as dimethyisilicone. 

[0024] The external adcfitive is preferably added in an amount of 0.01 to 20 parts by weight more preferably 0.1 to 
5 parts by weight per 1 00 parts by weight of the toner, tf the amount of the external additive is too small, the amount of 
the additive adhered to the toner is small and therefore sufficient f lowability can not obtained. The use of external adcfi- 
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tive in too large an amount affect the electrostatic property of the toner adversely, and is disadvantageous economically. 
[0025] Toner particles to which the external additive described above include known toners comprising mainly a 
binding resin and a coloring agent. To toners may be optionally added an electrostatic charge controller. 
[0026] An toner for developing positive-electrostatically charged latent images to which the external additive 
5 according to the present invention can be used as a one-component developer. Such a toner can be mixed with a car- 
rier to produce a two-component developer. When the external additive is used for the two-component developer, it is 
possible not to add it to toner particles but to add it when mixing the toner particles and a carrier so as to cover the sur- 
faces of the toner with the external additive. 

[0027] As the carrier, are used known ones such as an iron powder and the like or such powders of which surfaces 
io are coated with a resin. 

EXAMPLES 

[0028] The present invention will be described below in detail by giving Examples and Comparative Examples. 
75 However, the present invention is not limited to the following Examples. 

-Example 1- 

[Synthesis of spherical hydrophobic fine silica particles} 

20 

[0029] 

(1) In a 3-liter glass reaction vessel having a stirrer, a dropping funnel and a thermometer, 623.7 g of methanol. 41 .4 
g of water and 49.8 g of 28% ammonia water were added and then mixed. The resultant solution was set at 35°C, 

25 and 1.163.7 g of tetramethoxysilane and 418.1 g of 5 4% ammonia water began to be simultaneously added 
thereto with stirring the solution, where the former was dropped over 6 hours and the latter was dropped over 4 
hours. After the dropwtse addition of the tetramethoxysilane. the solution was still continued to be stirred for 0.5 
hour to carry out hydrolysis, and thus a suspension of fine silica particles was obtained. After the glass reaction 
vessel was fitted with an ester adapter and a condenser, the dispersion was heated to 60 to 70°C to distil off 1 . 1 32 

30 g of methanol, wheretpon 1 .200 g of water was added, followed by further heating to 70 to 90°C to distil off 273 g 
of methanol. Thus, an aqueous suspension of fine silica particles was obtained. 

(2) To this aqueous suspension, 1 1.6 g of methyttrimethoxysilane (i.e., in an amount of 0.01 at a molar ratio on the 
basis of tetramethoxysilane) was added dropwtse over 0.5 hour. After the dropwise addition, the dispersion was still 
stirred for 12 hours to surface-treat the fine silica particles. 

35 (3) To the dispersion thus obtained, 1,440 g of methyl isobutyl ketone was added, folowed by heating to 80 to 
1 10°C to distil off methanol and water over 7 hours. To the resultant dispersion. 357.6 g of hexamethyUisilazane 
was added at room temperature, followed by heating at 1 20°C to carry out reaction for 3 hours, so that the fine silica 
particles were trimethylsilylated. Thereafter, the solvent was distilled off under reduced pressure to obtain 477 g of 
spherical hydrophobic fine silica particles having an average particle diameter of 0.12 pm. 

40 

[0030] The silane-surface-treated fine silica particles thus obtained were tested in the following way. 
Dispersfoility test: 

45 [0031 ] The fine silica particles are added to an organic compound as given in Table 1 which is liquid at room tem- 
perature, in an organic compound/silica particle weight ratio of 5:1 , which are then shaken for 30 minutes by means of 
a shaker to mix them, and thereafter the state of dispersion is visually observed. An instance where the fine silica par- 
ticles stand dispersed in their entirety and the whole is uniformly in the state of a slurry is evaluated as "A"; an instance 
where the fine silica particles stand wetted with the organic compound in their entirety, but not dispersed in the organic 

so corrpound partly and non-uniform, as "B"; and an instance where the fine silica particles stand not wetted with the 
organic compound and the both do not mix, as "C". The results are shown in Table 1 . 

Aggregation accelerating test: 

55 [0032] 

(1) The fine silica particles are added to methanol in a methanol/silica particle weight ratio of 5:1 , which are then 
shaken for 30 minutes by means of a shaker. Particle size distribution of the fine silica particles thus treated is 
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measured with a laser diffraction scattering type particle size distribution analyzer (LA910. manufactured by Horiba 
Seisakusho). 

(2) Next, from the fine-particle dispersion obtained in (1), the methanol is evaporated under heating, by means of 
an evaporator, and the particles are held at a temperature of 1 00°C for 2 hours. The fine silica particles thus treated 
are added in methanol, and then shaken for 30 minutes by means of a shaker. Thereafter, their particle size distri- 
bution is measured in the same manner as the above. 

[0033] Percentage of particles remaining as primary particles is determined on the basis of the particle size distri- 
bution measured in (1). Primary particle diameter is beforehand ascertained by electron-microscopic observation. The 
results are shown in Table 1 . 



Table 1 





Examples 


Comparative Examples 




Organic compound 


Dielectric constant (F/m) 


1 


2 


3 


1 


2 


Dispersibility 


Acetonrtrile 


38 


A 


A 


A 


C 


A 


Methanol 


33 


A 


A 


A 


C 


A 


Ethanol 


24 


A 


A 


A 


c 


A 


MIBK 


13 


A 


A 


A 


c 


A 


THF 


7 


A 


A 


A 


c 


A 


Dioxane 


3 


A 


A 


A 


c 


C 


D 5 


2.5 


A 


A 


A 


c 


B 


Toluene 


2.4 


A 


A 


A 


c 


A 


Heptane 


1.9 


A 


A 


A 


c 


A 


Primary particle percentage (%) 


100 


86 


57 




0 



Remarks: 

MIBK: Methyl tsobUyl ketone 

THF: Tetrahydrofuran 

D 5 : Decamethyteyctopentasiloxane 



[Preparation of an external additive-mixed toner] 

[0034] 96 parts by weight of a polyester resin having a Tg of 60 °C and a softening point of 1 1 0 °C. and 4 parts by 
weight of Carmin 6BC (product by Surrrika Color K.K.) as a coloring agent were melted and kneaded, ground and clas- 
sified to obtain a toner having an average particle diameter of 7 jim. With 40 g of the toner, 1 g of the spherical hydro- 
phobic fine silica particles described above was mixed by means of a sample mill to obtain an external additive-mixed 
toner. Using the same, the degree of aggregation was evaluated in the following manner. 

[Degree of aggregation] 

[0035] The degree of aggregation is a value indicating the f lowability of powder. It was measured using a powder 
tester manufactured by Hosokawa Micron K.K. and a threefold sieve which was fabricated by superimposing a 100- 
mesh sieve and subsequently a 60-mesh sieve on a 200 -mesh sieve. The measurement is carried out by putting 5 g of 
a toner powder on the uppermost 60-mesh sieve of the threefold sieve, vibrating the threefold sieve for 15 seconds by 
applying a voltage of 2.5 V to the powder tester, and calculating the degree of aggregation in accordance with the fol- 
lowing formula from the weight a (g) of powder remaining on the 60-mesh sieve, the weight b (g) of powder remaining 
on the 100-mesh sieve and the weight c (g) of powder remaining on the 200-mesh sieve. 

Degree of aggregation (%): (a + b x 0.6 + c x 0.2) x 100/5 

[0036] Evaluation can be made that the smaller the degree of aggregation, the better the f lowability, while the larger 
the degree of aggregation, the worse the f lowability. 
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[0037] As a result, the degree of aggregation was 3, indicating that the f lowability was good. 
[0038] Furthermore, adhesion of a toner to a photoreceptor was evaluated in the following manner. 

[Evaluation of adhesion of the toner to a photoreceptor] 

5 

[0039] An external additive-mixed toner and a carrier were provided, with a content of the toner of 8% by weight, 
the carrier having been prepared by coating ferrite core particles having an average particle diameter of 50 pan with a 
polyWend of a pert luoroalkyl acrylate resin and an acrylic resin. The toner and the carrier were charged in a two-com- 
ponent resolution developing unit of a printer fitted with an organic photoreceptor, and then a printing test was con- 
10 ducted for 30,000 sheets of paper. In this printing-test, the adhesion of the toner to the photoreceptor can be recognized 
as unprirrted portions on the paper in solid printing. 

[0040] As a result of the test, any unprinted parts were not observed. Accordingly, the toner adhesion to the pho- 
toreceptor was not recognized. 

is -Example 2- 

[0041] 467 g of spherical hydrophobic fine silica particles having an average particle diameter of 0.30 *im was 
obtained in the same manner as in Example 1 . except that the temperature 35 °C for hydrolysis of tetramethoxysilane 
in synthesis of the spherical hydrophobic fine silica particles was changed to 20 °C. 

20 [0042] The hydrophobic fine silica particles thus obtained were subjected to the dtspersMity test and Hie aggrega- 
tion accelerating test in the same manner as in Example 1 . The results are as given in Table 1 . 
[0043] An external additive-mixed toner was prepared using the spherical hydrophobic fine silica particles thus 
obtained and evaluated on the degree of aggregation and the adhesion of the toner to the photoreceptor, in the same 
manner as in Example 1 . As a result, the degree of aggregation was 4. indicating that the flowability was good, and no 

25 unprinted portions were detected. 

-Example 3- 

[0044] 469 g of spherical hydrophobic fine silica particles having an average particle diameter of 0.09 jim was 
30 obtained in the same manner as in Example 1 . except that the temperature 35 °C for hydrolysis of tetramethoxysilane 
in synthesis of the spherical hydrophobic fine silica particles was changed to 40 °C. 

[0045] The hydrophobic fine silica particles thus obtained were subjected to the dispersibtlity test and the aggrega- 
tion accelerating test in the same manner as in Example 1 . The results are as given in Table 1 . 
[0046] An external additive-mixed toner was prepared using the spherical hydrophobic fine silica particles thus 
35 obtained and evaluated on the degree of aggregation and the adhesion of the toner to the photoreceptor, in the same 
manner as in Exarrple 1 . As a result the degree of aggregation was 5. indicating that the flowability was good, and no 
unprinted portions were observed. 

-Comparative Example 1- 

40 

[0047] An external additive-mixed toner was prepared in the same manner as in Example 1, except that Aerosil 
R972 (a product by Nippon Aerosil K.K.). a fumed silica, which had been treated to render itself hydrophobic instead of 
the spherical hydrophobic fine sfiica particles obtained in Example 1. The fumed silica particles. Aerosil R972. were 
subjected to the dispersfcility test and aggregation accelerating test in the same manner as in Example 1 . The results 
45 are given in Table 1 . 

[0046] The external additive-mixed toner thus obtained was evaluated on the degree of aggregation and the adhe- 
sion of the toner to the photoreceptor, in the same manner as in Example 1 . As a result, the degree of aggregation was 
43. indicating that the flowability was poor, and many unprinted portions were observed. 

so -Comparative Example 2- 

[0049] An external additive-mixed toner was prepared in the same manner as in Example 1. except that Nipsil 
SS50F (trade name, product by Nippon Silica K.K.) was used instead of the spherical hydrophobic fine silica particles 
obtained in Exarrple 1 . The particles of Nipsil SS50F were subjected to the dispersibility test and aggregation acceler- 
55 ating test in the same manner as in Example 1 . The results are given in Table 1 . 

[0050] The external additive-mixed toner thus obtained was evaluated on the degree of aggregation and the adhe- 
sion of the toner to the photoreceptor, in the same manner as in Example 1 . As a result the degree of aggregation was 
52, indicating that the flowability was poor, and many unprinted portions were observed. 



7 



BNSDOCID. <EP_ 1Q3545QA2_I_> 



EP1 035 450 A2 



-Comparative Example 3 



[0051 ] A toner was obtained in the same manner as in Example 1 . except that the spherical hydrophobic fine silica 
partides of Exarrple 1 was not added. The toner thus obtained was evaluated on the degree of aggregation and the 
adhesion of the toner to the photoreceptor, in the same manner as in Example 1 . As a result, the degree "of aggregation 
was 97, indicating that the f lowability was bad. and many unprinted portions were observed. 

[0052] As shown above, the external adtitive for toners according to the present invention for an electrostatically 
charged latent image, not only f lowability. anti-caking property, fixing property, and cleaning properties of a developer 
are enhanced, but also change in quality, scraping of photoreceptors and adhesion of a toner to the photoreceptor are 
not occurred. 



Claims 



1 . An external additive for electrostatically charged latent image developing toner, comprising spherical hydrophobic 
fine silica particles having primary particles having a particle diameter of from 0.01 to 5 \xrr\, which fine silica parti- 
cles fulfill the following conditions (i) and (ii): 

(i) When an organic compound which is liquid at room temperature and has a dielectric constant of from 1 to 
40 F/m and fine silica particles are mixed in a weight ratio of 5:1 and shaken, the fine silica particles disperse 
uniformly in the organic compound; and 

(ii) The quantity of primary particles remaining as primary particles when methanol is evaporated under heat- 
ing by means of an evaporator from a cfispersion prepared by dispersing the fine silica particles in methanol 
and thereafter the particles are held at a temperature of 1 00°C for 2 hours, represents at least 20% of the quan- 
tity of primary particles originally present. 

2. The external additive for electrostatically charged latent image developing toner according to Claim 1 . wherein said 
hydorophobic silica fine particles have been obtained by the step of introducing an F^SiC^ unit (wherein R 2 rep- 
resents a substituted or unsubstituted monovalent hydrocarbon group having 1 to 20 carbon atoms) onto the sur- 
faces of hydrophilic fine silica particles comprising an S*0 2 unit to obtain first hydrophobic fine silica particles; and 
introducing an R 1 3 Si0 1/2 unit (wherein R 1 's may be the same or different and each represent a substituted or 
unsubstituted monovalent hydrocarbon group having 1 to 6 carbon atoms) onto the surfaces of the first hydrophobic 
fine silica partcfes. 

3. The external additive according to claim 1 , wherein said primary particles have a particle diameter of from 0.05 to 
0.5 jim 

4. A one-component developer comprising a toner with an external additive as claimed in claim 1 to the toner. 

5. The one component developer according to claim 4. wherein the amount of the external additive is in a range of 
0.01 to 20 parts by weight per 100 parts by weight of the toner. 

6. The one component developer according to claim 5, wherein the amount of the external additive is in a range of 0.1 
to 5 parts by weight per 100 parts by weight of the toner. 

7. A two-corrponent developer comprising a toner with an external additive as claimed in claim 1 and a carrier. 

8. The two-corrponent developer according to claim 7, wherein the amount of the external additive is in a range of 0.1 
to 5 parts by weight per 100 parts by weight of the toner. 
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(54) External additive tor electrostatically charged latent image developing toner 

(57) An external additive for electrostatically 
charged latent image developing toner is provied. The 
additive includes spherical hydrophobic fine silica parti- 
cles having primary particles having a particle diameter 
of from 0.01 to 5 urn, which fine silica particles fulfill the 
following conditions 0) and (ii): (i) when an organic com- 
pound which is liquid at room temperature and has a 
dielectric constant of from 1 to 40 F/m and fine silica 
particles are mixed in a weight ratio of 5:1 and shaken, 
the fine silica particles disperse uniformly in the organic 
compound; and (ii) the quantity of primary particles 
remaining as primary particles when methanol is evap- 
orated under heating by means of an evaporator from a 
dispersion prepared by dispersing the fine silica parti- 
cles in methanol and thereafter the particles are held at 
a temperature of 100°C for 2 hours, represents at least 
20% of the quantity of primary particles originally 
present The external additive does not react or has no 
Interaction with an organic photoreceptor and therefore 
change in quality does not occur or the photoreceptor is 
not scraped. Furthermore, it has a good flowability and 
therefore adhesion of a toner to the photoreceptor does 
not occur. 
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